active caries, caries experience and total number of carious teeth. Family socioeconomic position (SEP) or deprivation level was measured at school level using eligibility for free school meals (FSM) to identify children from low-income families. Incidence rate ratios (IRR) and pooled standardized incidence rates ratios were calculated to measure dichotomous outcome variables by year, age group and status of deprivation. The study continuous outcome was modelled using a zero-inflated Poisson regression while the dichotomous outcomes were modelled using logistic regressions. The multivariable analyses were run by age groups accounting for year, sex and deprivation status.
| INTRODUCTION
Dental caries is a major health problem globally, with a recent systematic review reporting that 9% of children worldwide have untreated dental caries in their primary teeth. 1 Although the prevalence of dental caries has declined in many countries in the past 30 years, it still remains one of the most prevalent diseases worldwide, particularly among those from socio-economically deprived groups. 2 Indeed, in common with many other health conditions, caries is a "disease of deprivation" predominantly affecting children from the most vulnerable and deprived sectors of society. 3 The proportion of children affected by caries varies both between and within countries according to deprivation. Across countries, for example, the mean number of teeth affected in 12-year-old children ranges from 0.8 in Denmark to 4.3 in Romania. 4 Within countries, for example the UK where the current study was based, 44% of the variation in dental caries at regional level can be explained by differences in deprivation. 5 In a different survey from 2013, the Child Dental
Health Survey in England, Wales and Northern Ireland obvious decay experience was reported in 13%, 34% and 46% of 8-, 12-and 15-yearolds respectively 6 ; however, this varied starkly by region. In relation to
England only, the highest prevalence of dental caries was reported in the North West of England, where 34.8% of 5-year-olds had experience of caries, compared to 21.2% in the South East. Further, 5.7% of these young children in the North West had had decayed teeth extracted, which was almost double the figure for the rest of England. 5 To compound the problem, children from deprived areas are also far less likely to access regular dental care. 7, 8 Dental caries impacts on children's lives in many ways. In relation to the most common symptom-pain-previous experience of toothache was reported by 18% of 12-year-olds and 15% of 15-year-olds in the latest UK Child Dental Health Survey. 6 Further impacts relating to dental pain have also been widely reported, such as difficulty eating, loss of sleep, time off school, difficulty sleeping, problems cleaning teeth and speaking and interference with daily activities. 9, 10 Poor oral health also has wider impacts on the family and school, 11 contributing for example to poor school readiness and attendance. 12 Again, the impact appears to be particularly marked on those from low-income families, 13 suggesting that children living in deprived areas not only have more dental caries, but that the disease has a greater impact on their daily lives.
Given that there appears to be both a greater disease burden, and more negative impacts associated with dental caries, for those children in the most deprived and socially excluded groups, these inequalities have important implications for oral health promotion strategies. 14 This is particularly the case as life course research has repeatedly shown that the social gradients in health observed throughout the life course can be partially attributed to early childhood circumstances. 15 Similar findings have been found in relation to oral health inequalities across the life course. [16] [17] [18] Tracking dental caries over time is therefore key for a number of reasons. Most importantly, given that reducing inequalities in children's tooth decay is a major focus of Public Health England, 12 it is vital that we identify oral health inequalities, any variations in inequalities for different demographic groups and monitor these over time. Such research is necessary to help develop and implement strategies for oral health improvement and, in turn, to evaluate whether such strategies are working to improve oral health of the most deprived groups within populations. 19, 20 As such, the aim of this study was to examine any change over time in the association between deprivation and caries risk between 2003 and 2013 in a nationally representative sample of UK children.
| METHODS

| Ethics statement
A secondary analysis of the data from UK Children's Dental Health 
| Study population
In both 2003 and 2013 surveys, the target population, sample design and sampling procedures were based on the same methodology.
Multistage stratified cluster sampling design was used in both the 
| Study variables and outcome measures
Data were collected through a clinical dental examination, a children's self-completion questionnaire (for older children) and a parental questionnaire. Dental examinations of all participating children were carried out by qualified dentists and nurses. The content of the examination varied by age, with 15-year-olds receiving a longer examination than 5-year-olds. The major part of the survey dental examination was the assessment of tooth condition to establish the prevalence, severity and extent of dental caries (decay), and decay experience of children's teeth.
Dental caries was the outcome variable in this study. The caries diagnostic criterion in 2003 survey was "caries into dentine level (both cavitated and non-cavitated)," whereas in 2013, this was "decay into dentine" "obvious decay experience" and "clinical decay experience". In this current study "caries into dentine level (both cavitated and non-cavitated)" was selected as it was a shared criterion in both surveys. Three outcome variables for dental caries were selected to analyse three different but inter-related aspects. These Family socio-economic position (SEP) or deprivation level was measured at school level using eligibility for free school meals (FSM)
to identify children from low-income families. 21, 22 Schools were classified as deprived or non-deprived schools (dichotomous variable:
yes/no). Schools with more than 30% of children eligible for free school meals were defined as "deprived schools" otherwise "nondeprived schools". 21, 23 The proportion of children eligible for free school meals is a school-level indicator that has been shown to be highly correlated with the socio-economic status of the children and their parents. 21, 23 "Deprived" schools were oversampled relative to those that were classified as "non-deprived," so that children in deprived schools would make up approximately a third (33%) of the overall sample of children. This was to ensure that there was a sufficient sample size for analysis by measures of relative deprivation.
| Statistical analyses
The analyses were based on complete cases and weighted to account for the survey design and unequal probability of being sampled. In both years, after removing all individuals without a clinical examination, no missing information was detected in any of the three study outcome measures.
Incidence rate ratios (IRR) and pooled standardized incidence rates ratios were calculated to measure dichotomous outcomes variables by year, age group and status of deprivation. A test of homogeneity assessed the effect of time in each of the age groups by study outcome.
A zero-inflated Poisson (ZIP) regression was used to model "total number of carious teeth" outcome variable, while "any caries experience" and "any active caries" outcome variables were each modelled using a logistic regression. The ZIP model was utilized because of the relatively high prevalence of zero values in the continuous count variable of "total number of carious teeth." The models were constructed on each age group and on all ages together. Separate models were later run for each year, and the respective deprivationrelated coefficients from 2013 and 2003 were compared for difference using the following formula:
The analyses were performed using Stata statistical program (Version 15, Stata-Corp, College Station, Texas, USA). Statistical significance was set at P value < 0.05.
| RESULTS
The Among both deprived and non-deprived children, the prevalence of any active caries and any caries experience significantly dropped over the years, observed in almost all age groups (Table 2) . No significant change over time was observed among 15-year-olds in any caries experience. The effect of time on having "any active caries" was homogenous across all age groups and deprivation levels, indicating that a similar trend was observed in all age groups and deprivation levels. However, the time effect on "any caries experience" was heterogeneous in the deprived and non-deprived groups, indicating differential effects according to deprivation level (Table 2) . Table 3 shows the multivariable analyses for likelihood of any active caries, any caries experience and total number of carious teeth. All outcomes were stratified by age groups adjusting for sex, year of study and deprivation level. Comparing 2013 with 2003, all study outcomes significantly dropped in all age groups. However, consistent in all age groups, deprivation was significantly associated with higher occurrences of all study outcomes. Compared to the non-deprived, children attending deprived schools were 77% (OR = 1.77, 95% CI 1.56-2.01, P < 0.001) to 86% (OR = 1.86, 95% CI 1.65-2.09, P < 0.001) more likely to have had any caries experience.
Using similar modelling methods as in Table 3 , the model-derived deprivation covariate coefficients from both points in time were compared to find the change in the association of deprivation with any active caries, any caries experience and total number of carious MASOOD ET AL. 
| DISCUSSION
The key findings of this study were that firstly, the percentage of children identified as in deprived schools (eligibility for free school meals) was significantly higher in 2013 than 10 years earlier in 2003 (an increase of 37.7%). Secondly, among both deprived and nondeprived children, the prevalence of any active caries, caries experience and total number of carious teeth significantly decreased over the 10-year period in all of the age groups. Thirdly, for all age groups, deprivation was significantly associated with higher risks for all three of the caries outcomes. However, comparing 2013 with 2003, the results indicate that the association of deprivation with caries outcomes weakened over time observed in all age groups.
The finding that caries (however measured) decreased over the 10-year period in the UK in all age groups-5-through to 15-yearolds-has been noted previously and is to be welcomed. 20 CI, confidence interval; IRR, incidence rate ratio.
caries over time. 24 Yet, children in the lower income groups had greater untreated caries and the magnitude of this inequality changed over time. These data, together with our present findings, suggest that inequalities in children's oral health are persistent. and psychosocial factors) and the health system, 25 which is also the case for oral health inequalities. 14 Given this, it is unlikely that oral health interventions focused on "downstream" individual-level factors CI, confidence interval; IRR, incidence rate ratio; OR, odds ratio.
a "Total number of carious teeth" was modelled using a zero-inflated Poisson regression.
b "Any active caries" and "Any caries experience" were each modelled using a logistic regression. Each of the models was also adjusted for sex.
T A B L E 4 Comparison of deprivation status by survey year, age group and outcomes
b "Any active caries" and "Any caries experience" were each modelled using a logistic regression.
MASOOD ET AL.
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(eg, health education programmes) will impact on population-level inequalities. Indeed, there is some evidence that such individual interventions may work to increase oral health inequalities. 26 What is needed is a focus on a more upstream public health approach, in line with the recent call by Watt and colleagues (2016) in the "London Charter on Oral Health Inequalities". 27 Such an approach would require multidisciplinary working at multiple (eg, local, regional and national) levels to target the structural social, political and economic causes of inequalities. 27 Since the data analysed here were collected, Public Health England in the UK has produced guidance for local authorities to review and develop their oral health improvement strategies. 20 This guidance not only advises on improving oral health outcomes for all children but also strategies to address oral health inequalities including an evidencebased toolkit for local authorities. In addition, PHE has recently launched the Children's Oral Health Improvement Programme Board.
This board brings together key stakeholders in the oral health field with one of its goals being to reduce the oral health gap for disadvantaged families by 2020. 12 In line with Watt and colleague's (2016) Charter, it is envisaged that national-level initiatives such as these will lead to a reduction in socio-economic inequalities in children's oral health by the time of the next UK Children's Dental Health Survey in 2023. 27 In addition to further analysing trends in children's oral health over time, future research is needed on the determinants and causal mechanisms underlying social inequalities in oral health, 28 as well as the impact of oral health improvement strategies 20 on these determinants and resulting health inequalities. 29 Such research needs to understand the links, the pathways and the processes by which inequalities influence oral health and this will require clear concepts, measures and methods. 30, 31 The findings of the present study are subject to limitations, most notably, the measure of deprivation used within the analysis. Deprivation level was measured at school level using eligibility for free school meals (FSM) to identify children from low-income families.
Whilst the proportion of children eligible for free school meals has been shown to be correlated with the socio-economic status of the children and their parents, it still has a number of limitations. Schools with more than 30% of children eligible for free school meals were defined as "deprived schools," otherwise they were "non-deprived schools." This may imply that 70% of children could, within a deprived school, not be in receipt of free school meals. In addition, dichotomous "exposure" variables, such as this, are unlikely to capture the complexity of deprivation. 30 Additionally, school-level deprivation might be appropriate for primary schools with local catchment areas, and it may be less accurate in secondary schools (Table 1) .
| CONCLUSION
In the UK population, the prevalence of active dental caries and car- 
